ABSTRACT: Chemical speciation of some metal ions in groundwaters of Yola area using geochemical model were carried out to determine the water quality of the area using the PHREEQC speciation model. The Groundwater contains a wide variety of dissolved inorganic species in various concentrations, as a result of chemical and biochemical interactions between groundwater and the geological materials through which it flows, and to a lesser extent because of contributions from the atmosphere and surface water bodies (Freeze and Cherry, 1979) . The presence of various inorganic constituents in groundwater is controlled by the reaction mechanisms such as dissolution/precipitation reactions and adsorption including the rates (kinetics) of the geochemical process (Appelo and Postma, 1993). Analytical techniques such as spectrometry and chromatography provide important information about the metals concentration in water, ions in groundwater can form unlimited number of species due to the hydrolysis, complexation and redox reactions (Baes and Mesmer., 1979) . The selected five metals are of importance to water chemistry. Calcium is an essential alkaline-earth element for plant and animal life forms, and the solubility of its carbonate in water results in stalactites and stalagmites and hardness in water. Sodium is widely used in the manufacture of sodamide, sodium cyanide, sodium peroxide and sodium hydride as well as in the preparation of tetraethyl lead PbEt 4 an important anti-knock agent in gasoline. Such applications tend to increase its level in the environment. Magnesium is produced from various activities especially in making organomagnesium compounds, useful in organic synthesis and is also an essential alkaline-earth element for plant and animal nutrition. Potassium is used in the manufacture of fertilizers usually as chlorides, sulphate, nitrate and carbonate and is extensively deposited in the environment. Iron is the cheapest and most abundant, useful (especially as an alloy in the production of steel) and important of all metals. Such qualities tend to increase its level in the environment. The PHREEQC speciation model was used to calculate ion activities. The PHREEQC model is a geochemical speciation model that is capable of computing specific equilibrium ion activities among the dissolved and adsorbed species and their equilibrium solid phase. The model is able to consider the interaction of major cations with anions (Cl -, SO 4 2-, HCO 3 -and CO 3 2-) as a function of temperature, ionic strength and pH. The aim of this study is to estimate the activities of various ionic species of sodium, calcium, magnesium, potassium and iron in groundwater using geochemical models from the measured ion concentrations. 
Groundwater contains a wide variety of dissolved inorganic species in various concentrations, as a result of chemical and biochemical interactions between groundwater and the geological materials through which it flows, and to a lesser extent because of contributions from the atmosphere and surface water bodies (Freeze and Cherry, 1979) . The presence of various inorganic constituents in groundwater is controlled by the reaction mechanisms such as dissolution/precipitation reactions and adsorption including the rates (kinetics) of the geochemical process (Appelo and Postma, 1993) . Analytical techniques such as spectrometry and chromatography provide important information about the metals concentration in water, ions in groundwater can form unlimited number of species due to the hydrolysis, complexation and redox reactions (Baes and Mesmer., 1979) . The selected five metals are of importance to water chemistry. Calcium is an essential alkaline-earth element for plant and animal life forms, and the solubility of its carbonate in water results in stalactites and stalagmites and hardness in water. Sodium is widely used in the manufacture of sodamide, sodium cyanide, sodium peroxide and sodium hydride as well as in the preparation of tetraethyl lead PbEt 4 an important anti-knock agent in gasoline. Such applications tend to increase its level in the environment. Magnesium is produced from various activities especially in making organomagnesium compounds, useful in organic synthesis and is also an essential alkaline-earth element for plant and animal nutrition. Potassium is used in the manufacture of fertilizers usually as chlorides, sulphate, nitrate and carbonate and is extensively deposited in the environment. Iron is the cheapest and most abundant, useful (especially as an alloy in the production of steel) and important of all metals. Such qualities tend to increase its level in the environment. The PHREEQC speciation model was used to calculate ion activities. The PHREEQC model is a geochemical speciation model that is capable of computing specific equilibrium ion activities among the dissolved and adsorbed species and their equilibrium solid phase. The model is able to consider the interaction of major cations with anions (Cl -, SO 4 2-, HCO 3 -and CO 3 2-) as a function of temperature, ionic strength and pH. The aim of this study is to estimate the activities of various ionic species of sodium, calcium, magnesium, potassium and iron in groundwater using geochemical models from the measured ion concentrations. 
MATERIALS AND METHODS
The investigation of groundwater chemistry in the study area started with the chemical analyses of ninety-six water samples collected from shallow hand-dug wells (80), deep wells (11), surface waters (11) and precipitation (5) in Yola Area; Figure 1 . Samples collection was aimed at covering and representing the lateral and vertical extent of the hydrostratigraphic units within the study area along with surface water and rainfall. The samples from the deep wells in which pumps are already installed, were collected after a few hours of pumping and the screen interval of the well represents the average sample depth. Samples from the shallow hand-dug wells were bailed, using a stainless steel bailer, from a depth of a few meters below the water table, which more or less indicates the sample depth (Abdalla, 2009) . The samples were collected in 1000-ml plastic bottles and field filtration was carried out through filter papers (0.45um) to remove suspended solids. o C pH 7.0 ♯ default pH = 7 pe 4.0 ♯ pe = -log (electron activity) , default = 4 -units mmol/kgw ♯ default units mmol/kg water Ca 3.0 ♯ total dissolved Ca Na 1.0 K 2.0 Mg 4.0 Alkalinity 3.8 as HCO 3 ♯ mmol charge / kgw S 1.0 ♯ total sulphur, mainly sulphate, S (6), at pe = 4 N (5) ♯ nitrogen in the form of nitrate, N (5) Cl 1.0 Water 1 ♯ kg water default = 1 kg Density 1 ♯ density, default = 1 kg/L END PHREEQC has been enhanced with several new features to increase applicability, such as onedimensional transport with dispersion and diffusive exchange with stagnant zones, exchangers and surfaces that can be coupled to varying amounts of minerals or reactants, and generalized kinetics (Parkhurst and Appelo 1999) . This version has been used to calculate the data shown in Tables 2, 3 and 4.
RESULTS AND DISCUSSION
Analytical data are provided in Table 1 . The pH values for tested samples varied from 6.1 to 7.8 for shallow groundwater, 6.8 to 7.8 for deep groundwater and 7.20 to 8.00 in surface water samples. Sodium concentrations range was between 0 and 157 mg/l in shallow groundwater 0.001 91.00 mg/l in deep groundwater and 2.23 to 211 mg/l for the surface waters respectively.
In shallow groundwater potassium concentration ranges from 0 to 37 mg/l, 0 to 12.10 mg/l in deep groundwater and 1.20 to 9.00 mg/l for the surface waters respectively. The concentration of calcium in shallow groundwater samples are less than 25 mg/l, less than 39 mg/l in deep groundwater samples and between 1.20 to 9 mg/l in the surface water samples respectively. Magnesium concentration in shallow groundwater is less than 51mg/l, less than 55 mg/l in deep groundwater and between 12 and 84 mg/l in the surface water samples respectively. Iron concentrations range was between 0.001 and 1.80 mg/l in shallow groundwater, 0 and 0.32 mg/l in deep groundwater and 0 to 0.73 in the surface water samples respectively. Tabulated analytical values of major cations, anions, and pH were used to create the input data file (Obiefuna in Preparation). Generated output by the model included the calculated ionic strength in the analyzed samples and activities of various metal ionic species whether free or complexed ions. A variety of reactions may occur which influences the speciation and mobility of metal contaminants including acid/base, precipitation/dissolution, sorption and ion exchange reactions can retard the movement of metals in groundwater. The rate and extent of these reactions will depend on factors such as pH, Eh, complexation with other dissolved constituents, sorption and ion exchange capacity of the geological materials and organic matter content. Groundwater flow characteristics also influence the transport of metal contaminants. Chemical Speciation of Sodium: In natural water system dissolved sodium occurs in +1 oxidation state. The results indicate that Na + is the most soluble chemical species of sodium in shallow groundwater and represent about 99% of the sodium. Complexed species indicate that 0.09% occurs as bicarbonate, 0.03% as sulphates and less than 0.002% as other anions.In deep groundwater Na + represent 99.84% of the sodium whereas complexed species revealed that 0.10% occur as bicarbonates, 0.05% as sulphate and 0.004% as carbonate respectively. In surface water Na + represent 99.82% of the sodium while complexed species disclosed that 0.12% occur as bicarbonate, 0.04% as sulphate, 0.02% as NaHPO 4 and 0.01% as NaCO 3 .Sodium can be removed from natural water by ion exchange and sorption to mineral surfaces.Removal by these mechanisms increases as pH increases. Sorption is also influenced by the cation exchange capacity (CEC) of clays, carbonate minerals and organic matter present in soils and sediments. Ion exchange and sorption of Na + controls the mobility of sodium. In surface water and groundwater systems, a significant fraction of sodium is undissolved and occurs as precipitates (NaHCO 3 , Na 2 SO 4 ), sorbed ions or surface coatings on minerals, or as suspended organic matter. Chemical Speciation of Potassium: Potassium like sodium has only one significant oxidation state K + and it tends to be soluble in most types of natural water as sodium. Chemical speciation of Potassium in shallow groundwater with different anions is shown in Figure 5 . cation. Increased iron concentrations in water samples are due to re-dissolution of previously formed unstable precipitates or due to leaching of iron from the adjacent rocks that bounds the aquifers of the study area. 
